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CVT HOUSING HAVING WEAR-RESISTANT BORE 
TECHNICAL FIELD 

[0001] The present invention relates to a continuously variable 

transmission (CVT) housing having a bore configured to directly support 
pulley bearings, wherein the bore has a thermal spray coating to improve 
5 wear resistance. 

BACKGROUND OF THE INVENTION 

[0002] Continuously variable transmissions (CVT) of the variable 

pulley or sheave type employ pulley assemblies having at least one member 

10 that is moveable to control the diameter at which a flexible transmitter, such 
as a belt or chain, operates. The transmission has an input pulley and an 
output pulley, both of which have an adjustable member. The transmission 
ratio between the input and the output pulleys varies between an underdrive 
ratio and an overdrive ratio. 

15 [0003] The CVT ratio is continuously variable between the extremes 

of the underdrive and overdrive ratios. During the underdrive ratios, the 
flexible transmitter is positioned at a small diameter on the input pulley and a 
large diameter on the output pulley. Thus, the input pulley has more than 
one revolution for each revolution of the output pulley. As the diameter of 

20 the input pulley increases, the diameter of the output pulley decreases until a 
1:1 ratio exists across the pulleys. During the overdrive ratios, the diameter 
of the input pulley is maintained larger than the diameter of the output 
pulley. Thus, each revolution of the input pulley results in more than one 
revolution of the output pulley. 
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[0004] To accommodate the ratio variance, at least one member of 

each of pulley is disposed to slide axially relative to the other member of the 
pulley. This movement is typically controlled hydraulically. 
[0005] CVTs have become increasingly popular in recent years 

5 because they may provide improved fuel economy, the ability to operate the 
engine at lower rpms over a wider range of the fuel economy schedule, 
smoother shifting (ratioing), more efficient vehicle front end packaging, as 
well as manual transmission interchangeability and all-wheel drive 
compatibility. 

10 [0006] In current CVT designs, the rotatable pulley members are 

supported on bearings, and the bearings rotate within steel sleeves which are 
pressed into a bore in the case or cover. These steel sleeves are required in 
order to reduce the wear between the bearings and the aluminum case or 
cover. Accordingly, the steel sleeves add a component cost and additional 

15 assembly costs because the sleeves must be pressed into the bores. Further, 
the steel sleeves have a wall thickness of about 1.5 mm. As a result of 
packaging constraints, the CVT is designed to be as small as possible so that 
the 1.5 mm thickness of the steel sleeves limits the bearing outside diameter 
by 3 mm. 

20 

SUMMARY OF THE INVENTION 

[0007] The present invention eliminates the above-described steel 

sleeves on aluminum CVT covers and cases for bearings by providing the 
bore in the aluminum cover or case with a thermal spray coating to improve 

25 the wear resistance or durability of the bore in the aluminum case or cover. 
[0008] More specifically, the invention provides a continuously 

variable transmission (CVT) including an aluminum housing member having 
a bore formed therein. A rotatable pulley member is supported on a bearing 
within the bore. The bore includes a layer of thermal spray coating so that 

30 the bore supports the bearing without a steel sleeve therebetween. 
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[0009] In one embodiment, the thermal spray coating is a steel alloy 

including 0.1 to 1 % weight C, 0 to 14% weight Cr, 0 to 2% weight Mn, 0 to 
2% weight Ni, 0 to 1 % weight Si, and the balance Fe. 
[0010] In another embodiment, the thermal spray coating is a nickel 

5 alloy including 15 to 25% weight Cr, 0 to 20% weight Al, 0 to 5% weight 
Y, and the balance Ni. 

[0011] In a further embodiment, the thermal spray coating is a copper 

alloy including 7 to 13% weight Al, 0 to 5% weight Fe, 0 to 6% weight Ni. 
[0012] The thermal spray coating may be applied by a two wire arc 

10 spray process or a plasma thermal spray coating process. 

[0013] The aluminum housing member may be a transmission case or 

a cover. 

[0014] Another aspect of the invention provides a method of 

manufacturing a continuously variable transmission (CVT) including the 
15 steps of: 

a. casting an aluminum housing member with a bore formed 

therein; 

b. providing a thermal spray coating on the I. D. surface of 

the bore; and 

20 c. positioning a bearing directly against the I.D. surface of 

the bore for supporting a rotatable pulley member without a sleeve 
positioned between the bearing and the I.D, surface. 

[0015] Prior to the thermal spray coating application, the I.D. surface 

of the bore may be cleaned, degreased, and grit blasted. After the thermal 
25 spray coating is applied, the I.D. surface may be finish machined. If the 
thermal spray coating is applied by wire arc spray, then the finished 
machining process may include grinding. If the thermal spray coating is 
applied by a plasma spray process, then the finish machining may including 
buffering. 
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[0016] It should be noted that these coatings could be used in other 

non-CVT front wheel drive or rear wheel drive transmission applications. 
[0017] The above features and advantages, and other features and 

advantages, of the present invention are readily apparent from the following 
5 detailed description of the best modes for carrying out the invention when 
taken in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] FIGURE 1 is a partial cross-sectional view of a CVT 

10 including a housing member and rotatable pulley; 

[0019] FIGURE 2 is a schematic illustration of an electric arc spray 

device for use with the present invention; and 

[0020] FIGURE 3 is a schematic illustration of a plasma spray 

process for use with the present invention. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0021] Referring to Figure 1, a partial cross-sectional view of a 

continuously variable transmission (CVT) 10 is shown. The CVT 10 
includes an aluminum housing member 12, which may be a transmission 

20 case or cover. The aluminum housing member 12 has a bore 14 formed 
therein with an I.D. surface 16. A bearing 18 is supported directly against 
the I.D. surface 16 of the bore 14. The bearing 18 rotatably supports a 
pulley member 20. The pulley member 20 is integral with the first pulley 
half 22. The second pulley half 24 is movable in the direction of the axis 26 

25 toward the first pulley half 22 for adjusting the radial position of the belt 28 
with respect to the axis 26. The second pulley half 24 is moveable toward 
the first pulley half 22 when pressurized fluid is provided in the apply 
chamber 30 which causes movement of the piston 32 and second pulley half 
24 toward the first pulley half 22. 
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[0022] The invention is particularly characterized by a layer of 

thermal spray coating which is applied onto the I.D. surface 16 of the bore 
14 to substantially improve wear resistance of the bore 14 so that no steel 
sleeve is needed between the bearing 18 and the I.D. surface 16. 
5 [0023] In one embodiment, the thermal spray coating is a steel alloy, 

containing 0. 1 to 1 % weight C, 0 to 14% weight Cr, 0 to 2% Mn, 0 to 2% 
weight Ni, 0 to 1 % weight Si, and the balance Fe. 

[0024] In another embodiment, the thermal spray coating is a nickel 

alloy, containing 15 to 25% weight Cr, 0 to 20% weight Al, 0 to 5% Y, and 

10 the balance Ni. 

[0025] In a further embodiment, the thermal spray coating is a copper 

alloy including 7 to 13% weight Al, 0 to 5% weight Fe, 0 to 6% weight Ni. 
This type of material may provide better wear resistance than the nickel alloy 
coating. It may be applied over, or replace, the nickel alloy coating. Some 

15 copper alloy coating examples are: (1) 12% Al, 4% Fe, and balance Cu; (2) 
9% Al, 1% Fe, and balance Cu; and (3) 8% Al, 4-5% Ni, and balance Cu. 
[0026] The nickel alloy coating is much thinner than the steel alloy 

coating since the nickel coating exhibits much better bonding to the 
aluminum substrate. As a result of the lesser bonding, a thicker coating of 

20 steel alloy is required to enhance strength of the coated layer. This thicker 
coating results in a rough coating surface finish, which may require 
machining to smooth the surface, if desired. The steel coating discussed 
herein requires such machining for a smooth surface. 

[0027] The thermal spray coating may be applied by either two wire 

25 arc or plasma thermal spray. The wire arc spray process or plasma thermal 
spray process may be used for the steel coatings. However, only the plasma 
thermal spray coating process may be used for the nickel alloy coating. 
[0028] A method in accordance with the invention may include the 

following steps: (A) An aluminum housing member is cast with a bore 
30 formed therein. (B) The rough machined bore is cleaned and degreased to 
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eliminate contamination, including rust, oils, grease, paint, etc. (C) The 
periphery of the bore is masked for grit blasting and coating to prevent 
damage from grit blasting or deposition of coating on adjacent areas. 
(D) The bore is grit blasted with alumina powder to create a rough surface 
5 texture that promotes bonding of the sprayed coating. A high pressure water 
jet blast could alternatively be used to replace the grit blasting for improved 
bonding and alumina powder (contamination) free operation. (E) Coating 
deposition is conducted with a spray head which moves robotically along the 
central axis of the bore 14. If the wire arc spray process is used, the parts 
10 are preheated to 125°F to 150°F before coating to improve the bonding 

between the coating and the substrate due to a resulting reduction in thermal 
shrinkage difference. The steel alloy coating is used with the wire arc spray 
process. The steel coating thickness is in the range of 0.1 to 0.5 mm after 
post machining (with a typical thickness of 0.2 mm). Using the plasma 
15 spray process, the nickel alloy coating has a thickness of 0.02 to 0.08 mm 
(with a typical thickness of 0.05 mm). The substrate (aluminum housing) is 
not preheated. Also, the steel coating may alternatively be applied with the 
plasma spray process. (F) The masking is then removed. (G) If a steel 
coating has been applied, then post-coating grinding is used to smooth the 
20 I.D. surface. Buffering may also be used to smooth the surface. If the 

surface is a thin nickel coating, then buffering only may be used. This post- 
machining operation is desired to achieve the diameter tolerance and surface 
roughness parameter requirements. (H) In-process and final inspection are 
then performed. 

25 [0029] Referring to Figure 2, an electric arc spray apparatus 40 is 

schematically illustrated. As shown, steel alloy wires 42, 44 are fed through 
an insulated housing 46, through a reflector plate 48, and are guided to an 
arc point 54 by wire guides 50, 52. A shop air tube 56 propels a stream of 
compressed air or other gas into the arc point area 54. Heating and melting 

30 occur when the two electrically opposed charged wires 42, 44, comprising 
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the spray material, are fed together in such a manner that a controlled arc 
occurs at the arc area 54. The molten metal on the wire tips is atomized and 
propelled onto the prepared substrate 58 by the stream of compressed air 
from the tube 56 to form the thermal spray coating layer 60. The wires 42, 

5 44 are about 1.5 to 3 mm in diameter. This process is feasible for high 
volume, low cost applications. It requires no expensive gas, such as argon. 
[0030] Referring to Figure 3, a schematic illustration of a plasma 

thermal spray coating device 70 is shown. As illustrated, a gas, such as 
argon, is allowed to flow between a tungsten cathode 72 and a copper anode 

10 74, which is cooled by water 76. The coating powder, such as nickel alloy, 
is fed through the tubes 78, 80 into the nozzle discharge area 82. An electric 
arc is initiated between the two electrodes using a high frequency discharge, 
and then sustained using DC power. The arc ionizes the gas, creating a high 
pressure gas plasma with extremely high temperature. Power levels in this 

15 type of plasma spray torch are usually in the range of 30 to 80 kW. The 

coating powder is introduced into the gas stream either just outside the torch 
or in the diverging exit region 82 of the nozzle. It is both heated and 
accelerated by the high temperature, high velocity plasma gas stream. A 
resulting coating layer 84 is thereby applied to the substrate 86. To achieve 

20 dense coating and good bonding to the substrate, the powder velocities 

should be in the range of 300 to 550 m/s and the powder temperatures should 
be at or slightly above the coating material melting point. 
[0031] Another option for applying the thermal spray coating would 

be high velocity oxygen fuel (HVOF) thermal spray process. This process 

25 may be used for low -carbon steel coatings and copper alloy coatings. 

[0032] Further details regarding thermal spray coating processes may 

be found in U.S. Patent Nos. 5,080,056; 5,271,967; and 6,610,369, 
assigned to the assignee of the present application, each of which is hereby 
incorporated by reference in its entirety. 
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[0033] It should be noted that these coatings could be used in other 

non-CVT transmission applications. 

[0034] While the best modes for carrying out the invention have been 

described in detail, those familiar with the art to which this invention relates 
5 will recognize various alternative designs and embodiments for practicing the 
invention within the scope of the appended claims. 



